A novel shuttle integration cosmid vector (pTOYAMAcos), based on pKU402, and shuttle integration vectors (pTYM18 and pTYM19) were constructed for the cloning of actinomycete DNA and its heterologous expression. These vectors contain oriT of an IncP transmissible plasmid in order to transfer genes by conjugation from Escherichia coli to actinomycetes, and kanamaycin and thiostrepton resistance genes, respectively, and have multiple cloning sites including EcoRI and HindIII sites, which are available for blue/white screening in E. coli. To demonstrate the utility of these vectors, we expressed the entire gene cluster for rebeccamycin biosynthesis from Lechevalieria aerocolonigenes using pTOYAMAcos and detected rebeccamycin production in transformed S. lividans. In addition, we demonstrated the utility of defective in rebeccamycin production because of a rebC deletion, was restored to rebeccamycin production by complemention by rebC cloned in pTYM19. for plasmid subcloning in pUC19 and its derivatives. E. coli XL1-Blue MR was used for the cosmid libraries. E. coli S17-1 was used for transconjugation10). Growth conditions and manipulations of E. coli were as described by SAMBROOK and RUSSELL11). The production medium for S.
lividans and L. aerocolonigenes was Medium G13412). The seed medium for S. lividans or L. aerocolonigenes was V-22 medium13). Bennett's glucose agar, nutrient agar and mannitol soya flour agar1) were used for transconjugation. origin of transfer (oriT) (Fig. 1) . The pKU402 has rarecutter restriction endonuclease cloning sites suitable for cloning DNA from GC-rich organisms7). 1.75-kb BamHI fragment containing streptomycin/spectinomycin-resistance gene (aad3") was used as a stuffed fragment at the unique BamHI cloning site. A cassette plasmid pTIO which contains the actinomycete replication module was digested with PstI and KpnI, and the resulting larger fragment was purified and both ends were filled with Klenow fragment, followed by cloning into the NdeI site, which was filled with Klenow fragment, of pKU402 to yield pTOYAMAcos.
pTYM18 is a versatile shuttle integrating vector containing useful multiple cloning sites for multi-purpose gene cloning (Fig. 1) . In order to acquire multiple cloning sites in pTYM18, we inactivated the recognition sites for selected restriction endonuclease in the replication module.
For actinomycete DNA cloning, EcoRI and HindIII sites have been used frequently, and therefore we inactivated the recognition sites in int by site-directed mutagenesis to give int*. The plasmid pKFint-kai which contains int* was digested with BamHI and converted to a blunt-ended molecule with Klenow fragment, and the resulting larger fragment was ligated to the NheI site located at the outside of the multiple cloning site in pKl8mob such that it could be cleaved by either enzyme. pK18mob contains the p15a oriT, and pUC18 multiple cloning sites14). As a result, the pTYM18 vector can be selected with kanamycin in both E. coli and actinomycete and it retains the multiple cloning sites of pK18mob except for SmaI and SaiI and also allows blue/white screening in an E. coli host.
pTYM19 is also a shuttle integrating vector containing useful multiple cloning sites (Fig. 1) . pTIO was digested with KpnI and PstI, and the resulting larger fragment was converted to a blunt-ended molecule and ligated to the SspI site that is located at the outside of the multiple cloning sites of pUC19 (Fig. 2) . The pTYM19 can be selected with thiostrepton in actinomycete and with ampicillin in E. coli. A genomic library (100,000 clones) of this strain was prepared by subcloning Sau3AI partial digested and dephosphorylated chromosomal DNA into the BamHI site of pTOYAMAcos. The clones containing the rebeccamycin biosynthesis genes were screened by colony hybridization with probes designed for rebH and rebG, which are located the both end of the cluster on the chromosome. One of the cosmid clones, designated pTYMCreb, was selected by this screening. pTYMCreb was transformed into S. lividans TK23 and the transformants obtained were cultured in rebeccamycin production medium. After 11-days, the mycelium was collected and extracted with n-butanol. HPLC analysis of this n-butanol extract revealed the production of rebeccamycin (Fig. 3A) which was not produced by the wild-type TK23 strain (Fig. 3B) . The peak at 14.0 minutes exhibited a UV-visible spectrum characteristic to rebeccamycin and showed the molecular ion of rebC which encodes monooxygenase in rebeccamycin biosynthesis gene cluster and produces 7-deoxo-7-hydroxy-4'-demethylrebeccamycin instead of rebeccamycin12). The pTYMrebAD (rebO, rebD, rebC, and rebP cloned into pTYM19) was constructed for this complementation experiment. These four genes are translationally coupled and the promoter upstream of rebO is necessary for rebC transcription. We introduced pTYMrebAD into L.
harboring pTYMrebAD was extracted with n-butanol and the metabolites were analyzed by HPLC. HPLC of nharboring pTYM19 strain did not produce it (Fig. 3D ). 
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